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NONVOLATILE MEMORY DEVICE AND 
METHOD OF PROGRAMMING THE SAME 

CROSS-REFERENCES TO RELATED 
APPLICATION 

This application claims priority from Korean Patent Appli 
cation No. 10-2009-0047830 ?led on May 29, 2009 and 
Korean Patent Application No. 10-2009-0058494 ?led on 
Jun. 29, 2009, the disclosure of each of Which is incorporated 
herein by reference in their entireties. 

BACKGROUND 

Exemplary embodiments relate to a method of program 
ming a nonvolatile memory device. 

There is an increasing demand for nonvolatile memory 
devices Which can be electrically programmed and erased and 
can retain data even Without the supply of poWer. To develop 
high-capacity memory devices capable of storing a large 
amount of data, technology for the high integration of 
memory cells is being developed. 

Recently, to further increase the degree of integration of 
memory devices, active research has been performed on a 
multi-bit cell Which is able to store plural data in a single 
memory cell. This type of a memory cell is called a multi 
level cell (MLC). A memory cell capable of storing one bit is 
called a single level cell (SLC). 

FIG. 1 is a ?owchart illustrating a knoWn operation of 
programming a nonvolatile memory device. 

The program operation of FIG. 1 illustrates only a process 
of performing a most signi?cant bit (MSB) program opera 
tion after a least signi?cant bit (LSB) program operation in 
the nonvolatile memory device, including memory cells each 
capable of storing data of 2 bits. 

Referring to FIG. 1, ?rst, a program command, addresses, 
and data to be programmed are inputted to a nonvolatile 
memory device at steps S101, S103, and S105, respectively. 
An execution command is then inputted to the nonvolatile 
memory device at step S107. 

In response to the execution command, a program opera 
tion is performed at step S109, and veri?cation operations 
using ?rst to third veri?cation voltages PV1 to PV3 are then 
performed at steps Sill to S115, respectively. 
When the program operation is performed, a program volt 

age Vpgm is supplied to a Word line for a program, and the 
?rst to third veri?cation operations using the ?rst to third 
veri?cation voltages PV1 to PV3 are performed. 

The program process is ?nished When all the ?rst to third 
veri?cation operations are a pass. If the ?rst to third veri?ca 
tion operations are not a pass, the program voltage Vpgm is 
raised, and the program operation is performed again using 
the raised program voltage Vpgm. Here, the program voltage 
Vpgm is increased from a program start voltage Vpgm_start 
by a step voltage according to an increment step program 
pulse (ISPP) method. 

FIG. 2 shoWs the levels of voltages supplied to a selected 
Word line in response to program pulses. 

Referring to FIG. 2, a program voltage, raised from a 
program start voltage Vpgm_start by a step voltage, is sup 
plied in response to a program pulse. After the program volt 
ages are supplied, ?rst to third veri?cation voltages PV1 to 
PV3 are supplied. Here, the ?rst to third veri?cation voltages 
PV1 to PV3 are not separately shoWn, but shoWn as one 
program veri?cation pulse. 
As shoWn in FIG. 2, the program start voltage Vpgm_start 

at Which the program operation is actually started is 15 V. 
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2 
During the time When some program pulses are supplied, only 
the ?rst veri?cation operation PV1 is performed. Next, the 
second veri?cation operation PV2 and the third veri?cation 
operation PV3 are performed. This is because, during the time 
When the program operation is ?rst started in response to 
some program pulses, the threshold voltages of all memory 
cells do not rise to the extent that they become a pass for the 
second and third veri?cation voltages PV2 and PV3. 
From FIG. 2, it can be seen that a program voltage of 13 V, 

Which is less than the program voltage supplied When the 
program operation is actually started, is ?rst supplied. The 
reason Why a program voltage less than a program voltage 
supplied When a program operation is actually started is ?rst 
supplied is because the threshold voltage of a memory cell 
shifts in response to the erase/Write cycles of the memory cell. 
With an increase in the number of erase/Write cycles, elec 

trons are trapped at the memory cell, and so a threshold 
voltage of the memory cell becomes higher than its initial 
threshold voltage even after the memory cell is erased. 
Although a program voltage of 15 V can be ?rst supplied, if 
the program voltage of 15 V is subsequently supplied, 
memory cells become over programmed. Therefore, to pre 
vent this problem, a program voltage of 13 V is initially 
supplied. It can be said that memory cells start to be pro 
grammed When the program voltage of 15 V is supplied for 
the ?rst time. A method of supplying a program voltage as 
described above is referred to as a blind program method. In 
other Words, during the time When the blind program voltage 
of 13 V to 15 V is supplied, there is no program effect result 
ing from the supply of the program voltage. If the number of 
erase/Write cycles is high, a program operation can be nor 
mally performed in response to a program voltage starting at 
13 V 

BRIEF SUMMARY 

Exemplary embodiments relate to a nonvolatile memory 
device and a method of programming the same, Wherein a 
program start voltage is changed in response to the number of 
erase/Write cycles for a memory cell. 
A nonvolatile memory device according to an aspect of the 

present disclosure includes a memory cell array con?gured to 
include a ?rst memory cell group and a second memory cell 
group, the ?rst memory cell group being coupled to bit lines 
and Word lines and con?gured to store data, and the second 
memory cell group being con?gured to store operation infor 
mation including ?rst and second program start voltages, a 
page buffer unit con?gured to comprise page buffers, each 
being coupled to one or more of the bit lines and con?gured to 
temporarily store data to be programmed into memory cells 
or to store data read from the memory cells; and a control unit 
con?gured to, When a program operation is ?rst performed 
after poWer is supplied, count a number of program pulses 
until a veri?cation operation using a ?rst veri?cation voltage 
is a pass, compare the counted number of program pulses and 
a ?rst number of program pulses included in the operation 
information, select any one of the ?rst and second program 
start voltages according to a result of the comparison, and 
control the program operation to be performed using the 
selected program start voltage until the poWer is off. 

Further, the control unit may include a counter con?gured 
to count the number of program pulses until the veri?cation 
operation using the ?rst veri?cation voltage is a pass, a com 
parator con?gured to compare the counted number of pro 
gram pulses and the ?rst number of program pulses, and to 
output a ?rst ?ag signal according to a result of the compari 
son, and a MUX con?gured to select one of the ?rst and 
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second program start voltages in response to the ?rst ?ag 
signal, and to output the selected program start voltage and a 
second ?ag signal in response to the selected program start 
voltage. 

The counter and the comparator may stop operating in 
response to the second ?ag signal. 

The ?rst program start voltage may be set by default and 
applied to a program operation when the nonvolatile memory 
device is ?rst started. 

The control unit may change the selected program start 
voltage from the ?rst program start voltage to the second 
program start voltage when the counted number of program 
pulses is less than the ?rst number of program pulses. 

The ?rst program start voltage may be a higher voltage 
level than the second program start voltage. 
A method of operating a nonvolatile memory device 

according to another aspect of the present disclosure includes 
performing a program operation by supplying a program 
voltage starting with a ?rst program start voltage, and storing 
operation information, including a ?rst number of program 
pulses when a veri?cation operation using a ?rst veri?cation 
voltage is a pass, the ?rst program start voltage, and a second 
program start voltage, inputting power to the nonvolatile 
memory device, and loading the operation information, deter 
mining whether a program command received after the power 
is supplied is received for the ?rst time, and if, as a result of the 
determination, the received program command is determined 
to be received for the ?rst time, performing the program 
operation by supplying a program voltage starting with the 
?rst program start voltage, and counting the number of pro 
gram pulses until the veri?cation operation using the ?rst 
veri?cation voltage is a pass, and comparing the counted 
number of program pulses and the ?rst number of program 
pulses, and selecting one of the ?rst and second program start 
voltages as a program start voltage according to a result of the 
comparison. 

If, as a result of the determination, the received program 
command is determined not to be received for the ?rst time, 
the program operation is performed by supplying the program 
voltage starting with the selected program start voltage, and 
the number of program pulses is not counted. 

The ?rst program start voltage may have a higher voltage 
level than the second program start voltage. 

If, as a result of the comparison, the counted number of 
program pulses is less than the ?rst number of program 
pulses, the second program start voltage is selected as the 
program start voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?owchart illustrating a known operation of 
programming a nonvolatile memory device; 

FIG. 2 shows the levels of voltages supplied to a selected 
word line in response to program pulses; 

FIG. 3A is a diagram showing a nonvolatile memory device 
according to an embodiment of the present disclosure; 

FIG. 3B is a block diagram of a control unit shown in FIG. 
3A; 

FIG. 4 is a diagram showing a shift in a distribution of a 
threshold voltage according to the number of erase/write 
cycles for a nonvolatile memory device; 

FIG. 5 is a ?owchart illustrating an operation of storing the 
number of initial program pulses according to an embodiment 
of the present disclosure; 

FIG. 6A is a ?owchart illustrating a program operation 
according to an embodiment of the present disclosure; 
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4 
FIG. 6B is a ?owchart ofthe step S630 shown in FIG. 6A; 

and 
FIG. 7 shows the levels of program voltages supplied in 

response to program pulses when the number of erase/write 
cycles is low according to an embodiment of the present 
disclosure. 

DESCRIPTION OF EMBODIMENTS 

Hereinafter, exemplary embodiments of the present disclo 
sure will be described in detail with reference to the accom 
panying drawings. The ?gures are provided to allow those 
having ordinary skill in the art to understand the scope of the 
exemplary embodiments of the disclosure. 

FIG. 3A is a diagram showing a nonvolatile memory device 
according to an embodiment of the present disclosure. 

Referring to FIG. 3A, the nonvolatile memory device 
according to the embodiment of the present disclosure 
includes a memory cell array 310, a page buffer unit 320, an 
X decoder 330, a voltage supply unit 340, and a control unit 
350. 
The memory cell array 310 includes a main cell unit 311 

and a space cell unit 312. The memory cell array 310 further 
includes a code address memory (CAM) cell unit 313, includ 
ing CAM cells for storing operation information. 
The main cell unit 311 includes memory cells for storing 

data. The spare cell unit 312 includes redundant memory cells 
which will replace fail memory cells included in the main cell 
unit 311. 

Further, the memory cells may be grouped into memory 
blocks. 
The page buffer unit 320 includes page buffers. Each of the 

page buffers is con?gured to receive external data to be pro 
grammed into a selected memory cell and to temporarily store 
the program data, or to read data programmed into a selected 
memory cell and temporarily store the read data. 
The X decoder 330 is con?gured to select a memory block 

from the memory cell array 310 and to enable the selected 
memory block. The X decoder 330 is con?gured to couple the 
enabled memory block to global lines for supplying voltages 
for program operations or read operations. 
The voltage supply unit 340 is con?gured to supply the X 

decoder 330 with the voltages for program operations or read 
operations. 
The control unit 350 is con?gured to count and store the 

number of program pulses that are inputted to the nonvolatile 
memory device until a program operation using a ?rst veri? 
cation voltage PV1 becomes a pass. The control unit 350 is 
con?gured to compare the stored number of program pulses 
and the number of pro gram pulses counted when the program 
operation using the ?rst veri?cation voltage PV1 is a pass 
with an increase in the number of erase/write cycles, and to 
determine a program start voltage Vpgm_start based on a 
result of the comparison. 

FIG. 3B is a block diagram ofthe control unit 350 shown in 
FIG. 3A. 

Referring to FIG. 3B, the control unit 350 of the nonvolatile 
memory device includes a counter 351, a comparator 352, and 
a MUX 353. 

The counter 351 is con?gured to count the number of 
program pulses supplied thereto. The comparator 352 is con 
?gured to compare the ?rst number of program pulses 
CAM_PGMSTEP, previously stored by performing a test, 
and the second number of program pulses counted, and to 
output a result of the comparison as a ?rst ?ag signal Star‘t_ 
Flag. The MUX 353 is con?gured to select one of two or more 
voltages (e.g., Vpgm_star‘t1 and Vpgm_start2) received 
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in response to the ?rst ?ag signal Start_Flag, and to output a 
selected voltage as a program start voltage Vpgm_start. 

Here, the ?rst number of program pulses CAM_PGM 
STEP is counted by performing a test When the nonvolatile 
memory device is ?rst used, and is then stored in a corre 
sponding CAM cell. 

Voltages inputted to the MUX 353 can include the ?rst 
program start voltage Vpgm_start1 and the second program 
start voltage Vpgm_start2. The ?rst program start voltage 
Vpgm_star‘t1 is a start voltage supplied When a program 
operation for the nonvolatile memory device is ?rst started. 
The second program start voltage Vpgm_start2 is a start volt 
age that is supplied When the threshold voltage of a memory 
cell is raised after a certain number of erase/Write cycles. The 
?rst program start voltage Vpgm_start1 is higher than the 
second program start voltage Vpgm_start2. Information 
about the ?rst and second program start voltages Vpgm_ 
star‘t1 and Vpgm_start2 is stored in a corresponding CAM 
cell. 

After outputting the program start voltage Vpgm_start, the 
MUX 353 outputs a second ?ag signal Out_Flag, indicating 
that the program start voltage Vpgm_start has been set in 
order to avoid performing the comparison of program pulses 
after the poWer is turned off and until the poWer is turned on 
again. 

The second ?ag signal Out_Flag is delayed Within the 
system for a certain period of time, and then sent to the 
counter 351 and the comparator 352. The delay time may vary 
according to the nonvolatile memory device. The second ?ag 
signal Out_Flag is delayed and inputted to the counter 351 
and the comparator 352, and it does not affect the next opera 
tion. 

The counter 351 and the comparator 352 to Which the 
second ?ag signal Out_Flag has been inputted do not perform 
a count or comparison operation. Accordingly, the program 
start voltage Vpgm_start that has been set is used Without 
change after the poWer is turned off and until poWer is turned 
on again. 

The process in Which the control unit 350 changes the 
program start voltage Vpgm_start is described in more detail 
beloW. 

FIG. 4 is a diagram shoWing a shift in a distribution of a 
threshold voltage according to the number of erase/Write 
cycles for a nonvolatile memory device. 

Referring to FIG. 4, memory cells programmed to have a 
?rst distribution 410 of a threshold voltage can be over pro 
grammed With an increase in the number of erase/Write 
cycles, and as a result, may form a second distribution 420 of 
the threshold voltage. Accordingly, if the program start volt 
age Vpgm_start supplied When a program operation is ?rst 
started is set high and is ?xed, a threshold voltage of a 
memory cell rises With an increase in the number of erase/ 
Write cycles, leading to over-programming. 

To prevent this problem, a method of changing the program 
start voltage Vpgm_start according to one or more embodi 
ments of the present disclosure is described beloW. 

FIG. 5 is a ?owchart illustrating an operation of storing the 
number of initial program pulses according to an embodiment 
of the present disclosure. 

This ?gure illustrates an operation of storing, in a corre 
sponding CAM cell, the number of program pulses When an 
initial test operation for the nonvolatile memory device of this 
disclosure using a ?rst veri?cation voltage PV1 is a pass. In 
the case in Which the nonvolatile memory device includes 
MLCs each capable of storing data of 2 bits, When a most 
signi?cant bit (MSB) program operation is performed after a 
least signi?cant bit (LSB) program operation, ?rst to third 
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6 
veri?cation operations respectively using ?rst to third veri? 
cation voltages PV1 to PV3 are performed. 

In the embodiment of the present disclosure, the number of 
program pulses counted until the ?rst veri?cation operation 
using the ?rst veri?cation voltage PV1 is a pass is stored. 

Referring to FIG. 5, When a test is started at step S501, a 
program command, addresses, and data to be programmed 
are inputted at steps S503, 5505, and S507, respectively. 
Next, an execution command is inputted at step S509, Here, 
the program command, the addresses, the data, and the execu 
tion command may not be inputted externally during the test 
operation, but may be automatically inputted by a test-related 
apparatus. 

In response to the execution command, a program opera 
tion is performed at step S511. More precisely, a most sig 
ni?cant bit (MSB) page program is performed, and a program 
voltage is started from a program start voltage Vpgm_start, 
Which has been set by default. 
The program start voltage Vpgm_start set by default cor 

responds to a voltage used to normally start the program 
operation When the erase/Write cycles are not performed. For 
example, here, it is assumed that the program start voltage 
Vpgm_start set by default is about 15 V. Further, With refer 
ence to FIG. 3B, the program start voltage Vpgm_start of 15 
V is selected as the ?rst program start voltage Vpgm_start1. 
When the program operation is performed, a program volt 

age is supplied starting With the program start voltage Vpgm_ 
start of 15 V. After a program operation is performed in 
response to a ?rst program pulse, it is determined Whether the 
?rst veri?cation operation for the program operation is a pass 
at step S513. 

If, as a result of the determination, the ?rst veri?cation 
operation is determined to be a pass, then at step S517 count 
information (for example, ‘I’) is stored in a corresponding 
CAM cell because the ?rst program pulse has been supplied. 
HoWever, if, as a result of the determination, the ?rst veri? 
cation operation is determined not to be a pass, the number of 
program pulses is counted at step S515. Next, after either 
performing step S515 or step S517, it is determined Whether 
the second and third veri?cations operations respectively 
using the second and third veri?cation voltages are a pass at 
steps S519 and S521, respectively. Here, the second and third 
veri?cation operations may be performed in response to the 
?rst program pulse or may be performed in response to a set 
program pulse. 

In the embodiment of the present disclosure, it is assumed 
that, after a program operation in response to a seventh pro 
gram pulse is performed, the ?rst veri?cation operation 
becomes a pass. Accordingly, the count information ‘7’ is 
stored in the CAM cell. 
The CAM cell includes operation information necessary to 

operate the nonvolatile memory device, information about 
operation voltages, etc. In the embodiment of the present 
disclosure, it is assumed that the ?rst program start voltage 
Vpgm_star‘t1 and the second program start voltage Vpgm_ 
star‘t2 are stored in the CAM cell, and information about the 
number of program pulses at Which the ?rst veri?cation 
operation becomes a pass through a test shoWn in FIG. 5 is 
stored as ‘7’. 

Whenever the nonvolatile memory device is actually poW 
ered and driven, the number of program pulses at Which the 
?rst veri?cation operation becomes a pass is checked, and the 
checked number of program pulses is compared With the 
stored number of program pulses (for example, ‘7’). Thus, 
one of the ?rst and second program start voltages Vpgm_ 
star‘t1 and Vpgm_start2 may be selectively used according to 
a result of the comparison. 
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FIG. 6A is a ?owchart illustrating a program operation 
according to an embodiment of the present disclosure. 

Referring to FIG. 6A, When poWer is supplied to the non 
volatile memory device according to the embodiment of the 
present disclosure, a reset operation is performed and opera 
tion information, stored in a CAM cell, is loaded at step S601. 
A program command, address information, and data to be 

programmed are inputted to the nonvolatile memory device at 
steps S603, S605, and S607, respectively. Next, When an 
execution command is inputted to the nonvolatile memory 
device at step S609, it is determined Whether the inputted 
program command has been inputted for the ?rst time after 
the poWer is supplied at step S611. 

If, as a result of the determination, the inputted program 
command is determined to have been inputted for the ?rst 
time after the poWer is supplied, a program operation is per 
formed at step S613. It is then determined Whether a ?rst 
veri?cation operation for the program operation is a pass at 
step S615. If, as a result of the determination, the ?rst veri? 
cation operation for the program operation is determined not 
to be a pass, the number of program pulses is counted at step 
S617, and the process then returns to step S613. 

If, as a result of the determination at step S615, the ?rst 
veri?cation operation for the program operation is deter 
mined to be a pass, it is determined Whether the number of 
program pulses counted so far is more than the number of 
program pulses stored in the CAM cell, as described With 
reference to FIG. 5, at step S621. As described above, the 
number of program pulses stored in the CAM cell is the ?rst 
number of pro gram pulses CAM_PGMSTEP, and the number 
of program pulses counted so far is the second number of 
program pulses. 

The above comparison betWeen the number of program 
pulses counted and the number of program pulses stored in 
the CAM cell is performed by the control unit 350. 

The counter 351 counts the number of program pulses and 
transfers the counted number (i.e., the second number of 
program pulses) to the comparator 352 When the ?rst veri? 
cation operation for the program operation is a pass. 

The comparator 352 compares the ?rst number of program 
pulses CAM_PGMSTEP, loaded in the reset process at step 
S601 and stored in the CAM cell, and the second number of 
program pulses. If, as a result of the determination, the ?rst 
number of program pulses CAM_PGMSTEP is less than the 
second number of program pulses, the comparator 352 out 
puts the ?rst ?ag signal Start_Flag of a loW logic level. HoW 
ever, if, as a result of the determination, the ?rst number of 
program pulses CAM_PGMSTEP is the second number of 
program pulses or more, the comparator 352 outputs the ?rst 
?ag signal Start_Flag of a high logic level. 

In response to the ?rst ?ag signal Start_Flag of a loW logic 
level, the MUX 353 outputs the ?rst program start voltage 
Vpgm_start1 as the program start voltage Vpgm_start. 

Alternatively, in response to the ?rst ?ag signal Start_Flag 
of a high logic level, the MUX 353 outputs the second pro 
gram start voltage Vpgm_start2 as the program start voltage 
Vpgm_start. 

Furthermore, the MUX 353 outputs the program start volt 
age Vpgm_start and the second ?ag signal Out_Flag at the 
same time. 

The operations of the counter 351 and the comparator 352 
are stopped in response to the second ?ag signal Out_Flag. 

Here, if the ?rst number of program pulses CAM_PGM 
STEP is less than the second number of program pulses, it is 
meant that the number of erase/Write cycles is loW. A loW 
number of erase/Write cycles means that lots of program and 
erase operations have not been repeatedly performed on the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
memory cell array 310. Therefore, it can be determined that 
the threshold voltage of a corresponding memory cell has not 
risen to the extent that the memory cell is over programmed. 
Accordingly, the ?rst program start voltage Vpgm_start is 
outputted as the program start voltage Vpgm_start, but the 
?rst program start voltage Vpgm_start has already been set as 
the program start voltage. 
The second and third veri?cation operations respectively 

using the second and third veri?cation voltages are performed 
at steps S625 and S627. 

HoWever, if as a result of the determination at step S621, 
the ?rst number of program pulses CAM_PGMSTEP is the 
second number of pro gram pulses or more, it is meant that the 
number of erase/Write cycles is high. A high number of erase/ 
Write cycles means that lots of program and erase operations 
have been repeatedly performed on the memory cell array 
310. Accordingly, if the program operation is performed 
using the existing program start voltage, the corresponding 
memory cell can be over programmed because the threshold 
voltage of the memory cell has risen. 

To prevent such over-programming, the program start volt 
age Vpgm_start is changed from the ?rst program start volt 
age Vpgm_start1 to the second program start voltage Vpgm_ 
start2 at step 5623. 

Next, the second and third veri?cation operations respec 
tively using the second and third veri?cation voltages are 
performed at steps S625 and S627. If the ?rst to third veri? 
cation operations are all a pass, the program operation is 
completed. 

MeanWhile, if, after the program start voltage Vpgm_start 
is changed at step S623, a program command is received, it is 
determined that the received program command is not the ?rst 
program command after the supply of poWer at step 5611. 

In this case, a process of performing a program operation is 
performed at step 5630. 

FIG. 6B is a ?oWchart of the step S630 shoWn in FIG. 6A. 
Referring to FIG. 6B, the changed program start voltage 

Vpgm_start is checked at step S631 . A program operation and 
?rst to third veri?cation operations for the program operation 
are performed using the program start voltage Vpgm_start at 
steps S633, 5635, S637, and S639. 

If the number of erase/ Write cycles is high and the threshold 
voltage of the memory cell rises, the control unit 350 changes 
the program start voltage Vpgm_start from the ?rst program 
start voltage Vpgm_start1 to the second program start voltage 
Vpgm_start2. 

FIG. 7 shoWs the levels of program voltages supplied in 
response to program pulses When the number of erase/Write 
cycles is loW according to an embodiment of the present 
disclosure. 

Referring to FIG. 7, in the state in Which the number of 
erase/Write cycles is not high, the ?rst program voltage 
Vpgm_start1. is selected as a program start voltage Vpgm_ 
start, and a program voltage is then supplied. Thus, it is not 
necessary to supply a blind program pulse from the beginning 
in anticipation of over-programming occurring When the 
number of erase/Write cycles is increased. Accordingly, the 
time that it takes to perform a program operation can be 
reduced. 
As described above, according to the nonvolatile memory 

device and the method of programming the same in accor 
dance With the present disclosure, With an increase in the 
number of erase/Write cycles for a memory cell, a distribution 
of a threshold voltage of the memory cell is checked, and a 
program start voltage is changed according to a result of the 
check. Accordingly, the time that it takes to perform a pro 
gram operation can be reduced because a blind program 
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method is not used. Further, an over-programming problem is 
not generated according to a program state of the memory 
cell. 

What is claimed is: 
1. A nonvolatile memory device, comprising: 
a memory cell array con?gured to comprise a ?rst memory 

cell group and a second memory cell group, the ?rst 
memory cell group being coupled to bit lines and Word 
lines and con?gured to store data, and the second 
memory cell group being con?gured to store operation 
information comprising ?rst and second program start 
voltages; 

a page buffer unit con?gured to comprise page buffers, 
each being coupled to one or more of the bit lines and 
con?gured to temporarily store data to be programmed 
into memory cells or to store data read from the memory 
cells; and 

a control unit con?gured to, When a program operation is 
?rst performed after poWer is supplied, count a number 
of program pulses until a veri?cation operation using a 
?rst veri?cation voltage is a pass, compare the counted 
number of pro gram pulses and a ?rst number of program 
pulses included in the operation information, select any 
one of the ?rst and second program start voltages 
according to a result of the comparison, and control the 
program operation to be performed using the selected 
program start voltage until the poWer is off. 

2. The nonvolatile memory device of claim 1, Wherein the 
control unit comprises: 

a counter con?gured to count the number of program 
pulses until the veri?cation operation using the ?rst veri 
?cation voltage is a pass; 

a comparator con?gured to compare the counted number of 
program pulses and the ?rst number of program pulses, 
and to output a ?rst ?ag signal according to a result of the 
comparison; and 

a MUX con?gured to select one of the ?rst and second 
program start voltages in response to the ?rst ?ag signal, 
and to output the selected program start voltage and a 
second ?ag signal in response to the selected program 
start voltage. 

3. The nonvolatile memory device of claim 2, Wherein the 
counter and the comparator stop operating in response to the 
second ?ag signal. 

4. The nonvolatile memory device of claim 1, Wherein the 
?rst program start voltage is set by default and applied to a 
program operation When the nonvolatile memory device is 
?rst started. 

5. The nonvolatile memory device of claim 4, Wherein the 
control unit changes the selected program start voltage from 
the ?rst program start voltage to the second program start 
voltage When the counted number of program pulses is less 
than the ?rst number of program pulses. 

6. The nonvolatile memory device of claim 5, Wherein the 
?rst program start voltage has a higher voltage level than the 
second program start voltage. 

7. A method of operating a nonvolatile memory device, the 
method comprising: 

performing a program operation by supplying a program 
voltage starting With a ?rst program start voltage, and 
storing operation information, including a ?rst number 
of program pulses When a veri?cation operation using a 
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?rst veri?cation voltage is a pass, the ?rst program start 
voltage, and a second program start voltage; 

inputting poWer to the nonvolatile memory device, and 
loading the operation information; 

determining Whether a program command received after 
the poWer is supplied is received for the ?rst time, and if, 
as a result of the determination, the received program 
command is determined to be received for the ?rst time, 
performing the program operation by supplying a pro 
gram voltage starting With the ?rst program start volt 
age, and counting a number of program pulses until the 
veri?cation operation using the ?rst veri?cation voltage 
is a pass; and 

comparing the counted number of program pulses and the 
?rst number of program pulses, and selecting one of the 
?rst and second program start voltages as a program start 
voltage according to a result of the comparison. 

8. The method of claim 7, Wherein, if, as a result of the 
determination, the received program command is determined 
not to be received for the ?rst time, the program operation is 
performed by supplying the program voltage starting With the 
selected program start voltage, and the number of program 
pulses is not counted. 

9. The method of claim 7, Wherein the ?rst program start 
voltage has a higher voltage level than the second program 
start voltage. 

10. The method of claim 9, Wherein, if, as a result of the 
comparison, the counted number of program pulses is less 
than the ?rst number of program pulses, the second program 
start voltage is selected as the program start voltage. 

11. A semiconductor memory device, comprising memory 
cells for a program and page buffers for temporarily storing 
data to be programmed in the memory cells or reading data 
stored in the memory cells and temporarily storing the read 
data, the semiconductor memory device comprising: 

a CAM cell unit con?gured to store operation information, 
including ?rst and second program start voltages, and 
?rst program pulse information Which is a number of 
program pulses counted until a ?rst veri?cation opera 
tion using a ?rst veri?cation voltage is a pass during a 
program operation ?rst performed after a poWer source 
is inputted; and 

a control unit con?gured to select one of the ?rst and 
second program start voltages based on the stored ?rst 
program pulse information and control the program 
operation so that the program operation is performed, 
When the memory cells are programmed. 

12. A method of programming a semiconductor memory 
device, the method comprising: 

during a program operation Which is ?rst performed in 
response to a program command after a poWer source is 
inputted, counting a number of program pulses supplied 
until a ?rst veri?cation operation using a ?rst veri?ca 
tion voltage is a pass, and storing the counted number of 
program pulses as ?rst program pulse information; 

setting a program start voltage based on the stored ?rst 
program pulse information; and 

during a program operation Which is performed in response 
to a program command after the ?rst program operation, 
supplying a program voltage in accordance With an ISPP 
method based on the set program start voltage. 

* * * * * 


